Effects of genetic depletion of monoamines on somatosensory cortical development.
Raised levels of serotonin cause alterations in the development of the barrelfield of the primary somatosensory cortex (S1) in rodents. We examined the development of S1 in genetic mouse models in which the levels of serotonin and/or dopamine and noradrenaline are drastically reduced. Mice lacking the vesicular monoamine transporter type 2 (VMAT2 KO) are hypomorphic with rare pups surviving until postnatal day (P) 6. Serotonin, dopamine and noradrenaline are almost undetectable in the brain. In S1 we find that the segregation of thalamocortical axons into whisker patterns is delayed by 1 day and that layer IV granular neurons fail to form normal barrels. Moreover, the growth of cortical layers II-IV is reduced. Despite severe malnutrition, we show that these alterations are not caused by increased cell death in the thalamus or S1. Moreover, the maturation of cortical neurons is not altered as reflected by calcium-binding protein immunolabeling. Mice lacking both VMAT2 and monoamine oxidase type A (MAOA) were generated. VMAT2-MAOA DKO mice are hypomorphic but survive until P13. Increased levels of serotonin but profoundly reduced dopamine and noradrenaline levels are found in the brains. In S1, alterations are similar to those observed in MAOA KO mice: thalamocortical axons and granular neurons failed to form barrels. In addition there is a severe reduction in the thickness of the upper cortical layers as in the VMAT2 KO mice. These results show that monoamines have no instructive effect per se on the formation of thalamocortical patterning in S1. However, monoamines appear to be essential for the normal cytoarchitectonic maturation of the granular (IV) and supragranular cortical layers (II-III). Since developmental cell death and chemoarchitectonic differentiation of these neurons are not modified, it is possible that these alterations result from migration defects and/or from altered synaptic maturation.